cortisol is important for psychological aspects such as memory, cognition, sleep, impulsivity, depression and neuronal damage. These same functions are often impaired in recreational ecstasy/MDMA users, and cortisol may be an important modulatory co-factor. Conclusions: The energizing hormone cortisol is involved in the psychobiology of MDMA, probably via its effects on energy metabolism. Acute cortisol release may potentiate the stimulating effects of MDMA in dance clubbers. Chronically, cortisol may contribute to the variance in functional and structural consequences of repeated ecstasy usage. 3,4-Methylenedioxymethamphetamine (MDMA) is a powerful indirect agonist for serotonin and dopamine, and it also affects noradrenaline, acetylcholine and histamine [1] [2] [3] . It is widely used as a recreational drug under its street name of 'ecstasy' [4] [5] [6] . Acute MDMA is a powerful central nervous system stimulant, and the marked psychophysiological stimulation can lead to a range of problems, including mental confusion, physical exhaustion and some potentially dangerous medical complications [7] [8] [9] . In chronic terms, the regular use of Key Words 3,4-Methylenedioxymethamphetamine ؒ Ecstasy ؒ Cortisol ؒ Hormone ؒ Stress ؒ Energy ؒ Cognition Abstract Aims: 3,4-Methylenedioxymethamphetamine (MDMA) can affect both neurotransmitter and neurohormonal activity. This review will debate the role of the metabolic activation hormone cortisol for the psychobiological effects of ecstasy/ MDMA. Methods: The empirical literature on cortisol release following acute MDMA administration and cortisol functioning in drug-free recreational ecstasy/MDMA users will be reviewed. This will be followed by an overview of cortisol as a bioenergetic stress neurohormone, and a debate on how it could be modulating the acute and chronic psychobiological effects of MDMA. Results: Cortisol release is increased by stimulatory factors, including physical activity, thermal stress and stimulant drugs. In laboratory studies MDMA leads to an acute cortisol increase of around 150% in sedentary humans. In MDMA-using dance clubbers, the cortisol levels are increased by around 800%, possibly due to the combined factors of stimulant drug, physical exertion and psychosocial stimulation. Regular ecstasy/MDMA users also demonstrate changes in baseline cortisol levels and cortisol reactivity, with compromised hypothalamic-pituitary-adrenal activity. Nonpharmacological research has shown how
MDMA is associated with structural changes and functional deficits. In laboratory rats, monkeys and primates, MDMA is a serotonergic neurotoxin [1] [2] [3] , and the extent of neuronal damage is heightened by environmental conditions which increase the energy expenditure [1, [10] [11] [12] . In humans neurotoxicity has been investigated using various neuroimaging procedures, including PET, EEG, MRI and fMRI [13] [14] [15] [16] [17] . In a comprehensive review, Cowan [13] concluded that the most robust finding was a reduction in serotonin transporter density, although variance in the neuroimaging data was also noted.
The first functional deficits to be demonstrated in recreational ecstasy/MDMA users were memory problems [18] , and deficits in various aspects of memory and cognition have been confirmed in many subsequent studies [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Prospectively, the continued use of ecstasy/ MDMA leads to more memory deficits, while drug cessation stabilizes or partially reverses them [31, 32] . Functional deficits also occur in other areas of cognition, sleep, sex, psychiatric well-being, event-related potentials, immunocompetence and oxidative stress [27, 28, 30, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] . Although, as with the structural data, there is variance in the functional findings, with several factors influencing their occurrence [review : 53 ] . Lifetime ecstasy consumption is important, with novice/light ecstasy users typically showing normal functioning, moderate users having some impairments and heavy users displaying numerous deficits [ 33-35, 49-50, 54-59 ; also 22, 24, 56 ] . Another important co-factor is the use of other psychoactive drugs, including alcohol, amphetamine, cannabis, cocaine and nicotine [8, 19, 20, 26, 27, 29, 30, 34, 40, 43, [60] [61] [62] [63] [64] [65] [66] [67] [68] . Hence it is important to note that the functional deficits of recreational Ecstasy/MDMA polydrug users often remain significant, after controlling for the influence of other recreational drugs [8, 19, 21, 25, 26, 30, 33, 39, 40, 46, 53, 61, 69, 70] . However the cognitive profiles of these polydrug users will reflect the influence of multiple compounds. For instance, cannabis is strongly associated with everyday memory problems, whereas MDMA is more linked with prospective memory problems and deficits in delayed recall [20, 122] so that users of both drugs can display a range of neurocognitive deficits [20, 25, 53, 69] . Environmental and physical factors such as temperature, crowding and prolonged dancing may also influence the psychobiological effects of MDMA [reviews: 10, 53 ] . These multiple drug and nondrug influences have been integrated into a general bio-energetic stress model. This model will now be outlined, before the contributory role of cortisol is debated.
Bioenergetic Stress Model for Recreational Ecstasy/MDMA
The bioenergetic stress model for recreational ecstasy [7, 53, 71] was based on an earlier animal model [10] . This model noted that MDMA was a powerful central nervous system stimulant and metabolic stressor, and these effects were increased by stimulant co-factors such as heat and crowding. For instance, MDMA is more damaging to laboratory animals when administered at high ambient temperatures [10, 11] . In humans, the multiple stimulatory factors at dance clubs can lead to high levels of bioenergetic stress. Most recreational ecstasy-using dance clubbers develop a mild 'serotonin syndrome', with tachycardia, hyperkinesia (excessive-repetitive movements), thermal stress and mental confusion [7, 72] . A minority develop stronger signs of overheating and physical exhaustion [9, 71] . The energetic stress model proposes that the regular experience of these periods of hyperstimulation, will cumulatively lead to more chronic bioenergetic distress [53] and the multiple psychobiological problems of many heavy Ecstasy users [23, 48, 50, 53] . Darvesh and Gudelsky [73] similarly noted that 'MDMA produces a dysregulation of energy metabolism which contributes to the mechanism of MDMA induced neurotoxicity'.
Cortisol is important for normal metabolic activation and for energy mobilization under physically demanding situations [74, 75] . Cortisol may therefore have an important role in the bioenergetic stress model of MDMA. Since MDMA-induced serotonergic effects stimulate the hypothalamo-pituitary-adrenal (HPA) axis, leading to an increase in cortisol levels, cortisol may be involved in the energy mobilization following acute ecstasy/MDMA. In chronic terms, cortisol plays a role in many core psychobiological functions, including memory, sleep, appetite, psychiatric symptoms and neuronal damage. The preliminary aim of this article will be to empirically review how cortisol influences the psychobiological effects of MDMA. The final section will propose a theoretical integration, by suggesting that cortisol can have an important contributory role for the bioenergetic stress model of recreational ecstasy/MDMA.
Cortisol Psychobiology
Selye [74] noted that cortisol was important for homeostasis and psychobiological integrity, particularly under conditions of high energy demand. Cannon [76] had demonstrated how a stable internal physiological en-vironment was achieved through internal feedback systems which react to environmental changes. Cannon had also noted that achieving homeostasis involved 'stresses and strains'. Selye [74] focused on this aspect of homeostasis by investigating the psychobiological reactions to physically demanding situations. Selye noted that when the body was pushed to its physical limits, its capacity for metabolic activation was in danger of being overloaded. Under these circumstances a 'general adaptation syndrome' came into play. This comprised an integrated set of neurohormonal and physiological reactions (next paragraph), which provided additional metabolic resources -and enabled the organism to cope. Selye's [74] research was based on physical stressors, such as extremes of heat or cold and prolonged periods of muscular activity in athletes. The physical background to the concept of stress is reflected in terms such as 'feeling overloaded', 'under pressure', 'being stretched' and 'having a breakdown'. These mechanical terms are taken from testing the physical limits of industrial machines.
The nervous system circuitry involved in cortisol release has been summarized by Lovallo [ 75 , p. 48] : 'In response to states of emergency, the hypothalamus secretes corticotropin releasing factor (CRF) in to the specialized portal circulation of the pituitary stalk, where it travels to the anterior pituitary, causing the release of adrenocorticotropin and beta endorphin into general circulation. Adrenocorticotropin travels to the adrenal cortex, where it causes a dramatic increase in the rate of production and secretion of the glucocorticoid hormone cortisol. Cortisol is capable of affecting every major organ system in the body and it is essential for the maintenance of normal organic and metabolic functions [77] . Cortisol's importance is indicated by the fact that it assists in many normal functions during both normal activity and stressful periods'. Herbert et al. [78] noted that cortisol was important for many aspects of homeostasis, both predictive and reactive. Predictive homeostasis is based on circadian rhythms, with cortisol being involved in the daily rhythms of rest, activity and sleep. The release of cortisol follows a well-established circadian pattern, with a peak 1-2 h after waking, followed by a rapid decline, and stabilization 3-4 h after waking with constant levels over the rest of the day [79, 80] . These circadian rhythms are controlled through the suprachiasmatic nucleus or hypothalamic 'clock'. They tend to be consistent for each individual but vary between people, with this variation being linked with propensity for stress [75] . Cortisol is one of the most labile and reactive of all neurohormones [78] , since its release is also stimulated by physical or psychological stressors. During this 'reactive' homeostasis, cortisol stimulates the sympathetic nervous system, increases catecholamine synthesis, releases stored glucose and lipids, and suppresses immunoreactivity [75] . This prepares the body for energy expenditure and physical activity. Hence cortisol is important for both everyday metabolic activation and for energizing bodily resources when coping with novel demands.
MDMA Effects on Cortisol
Dumont and Verkes [81] reviewed the effects of acute MDMA in human laboratory research. They noted that 12 placebo-controlled studies had assessed cortisol, with 11 reporting significant increases and the twelfth finding a nonsignificant trend after a low dose. Mas et al. [82] found significant cortisol increases after 75 and 125 mg oral MDMA, which peaked around 2 h after administration. De la Torre et al. [83] similarly reported that 3 dose levels of oral MDMA (75, 100 and 125 mg) led to significant increases in plasma cortisol in human volunteers, which again peaked 2 h after administration. Pacifici et al. [42] observed a significant increase in cortisol following 100 mg oral MDMA, which was similar to their earlier findings [41] . They also investigated the effects of 2 closely spaced doses of MDMA and found the cortisol increase following the second dose was similar in magnitude to the first [42] . Harris et al. [84] reported that 0.5 mg/kg MDMA led to an increase over baseline of around 100%, while 1.5 mg/kg MDMA caused a percentage increase of around 150% over baseline. These and other findings allowed Dumont and Verkes [81] to conclude that in the laboratory, acute doses of MDMA led to a 'robust' increase in cortisol.
Cortisol has also been investigated in 2 prospective studies of recreational users at dance clubs and house parties. The ecstasy users were assessed on successive weekends when clubbing or partying on-ecstasy as usual and when completely abstaining from MDMA or other stimulant drugs. The first study involved dance clubbers, with saliva analyses confirming the presence of MDMA during the on-drug weekend and its absence during abstinence [64] . Dance clubbing on ecstasy/MDMA led to an 800% group increase in saliva cortisol, significantly higher than both baseline and dance clubbing during abstinence ( fig. 1 ). The second study involved a very similar design, with experienced ecstasy users at a house party. At baseline the group mean cortisol level was 0.3 mg/dl; this increased to 1.0 mg/dl after 2 h, 2.3 mg/dl at 4 h and 1.5 mg/dl after 6 h. The cortisol levels while partying without MDMA remained statistically unchanged at around 0.3-0.5 mg/dl. Hence this second study also found a similar peak cortisol increase of around 800% in weekend party goers after taking MDMA [85] .
Cortisol is therefore increased by 150% in the laboratory [84] and by 800% in recreational ecstasy users [64] . This may reflect the combined effects of stimulant drug and environmental factors such as loud music, prolonged dancing and social crowding. Alternatively it might reflect other factors such as greater self-dosing or circadian aspects (greater sensitivity at night?). Another potential factor is the MDMA-induced psychophysiological and metabolic changes. Herbert et al. [78] noted that 'perturbation of the internal environments which challenge homeostasis, such as lack of food, water, salt or excessive temperatures, all elicit increased corticosteroid secretion as part of the response to such demands or stressors'. Many of these changes may be occurring in dance clubbers. Hence it is important to note the largely unchanged cortisol levels in dance clubbers and party goers when abstaining from MDMA [ 64, 85 ; fig. 1 ]. These psychophysiological and metabolic factors may however still be important when on MDMA. Whatever the amalgam of causal factors, the cortisol values indicate a very high level of neurohormonal activation in recreational MDMA users ( fig. 1 ) .
In chronic terms, recreational ecstasy users show changes in cortisol reactivity. Gerra et al. [86] reported a significantly reduced cortisol response to a d-fenfluramine challenge in drug-free recreational MDMA users. Verkes et al. [27] found reduced cortisol responses to dfenfluramine in 2 groups of moderate and heavy ecstasy users. Crucially, their control group comprised non-ecstasy users who were regular dancers and ravers, hence controlling for the environmental factors of dancing and clubbing (previous paragraph). Their group differences in cortisol reactivity also remained significant after controlling for several potential confounds. Gerra et al. [87] replicated their earlier finding of a reduced cortisol response to a d-fenfluramine challenge. Gerra et al. [88] noted that the baseline cortisol levels were significantly lower in drug-free ecstasy users compared to controls, along with significantly reduced cortisol responses to a psychosocial stressor. The authors concluded: 'HPA basal hyperactivation and reduced responsiveness to stress, may represent a complex neuroendocrine dysfunction associated with MDMA use.'
Psychobiological Functions Affected by Cortisol
In an extensive review, Herbert et al. [78] noted that cortisol was important for many aspects of central nervous system integrity. The psychobiological functions affected by corticosteroids included memory, cognition, appetite, sleep, psychiatric well-being and neuronal death. With reference to cognition, Nagaraja et al. [89] noted that 'it is well known that cortisol may suppress hippocampal activation and impair cognitive processes'. Its influence is however often indirect, being modulated through co-factors such as heat, psychosocial stress, circadian rhythm and age. Backhaus et al. [90] found that high cortisol levels in the night were associated with impaired declarative memory scores in the morning. McEwan [91] noted that sleep deprivation adversely affected cortisol functioning, increased oxidative stress, and impaired memory and other psychobiological functions. Wolf et al. [92] found in middle-aged and elderly individuals that high baseline cortisol levels were associated with more subjective complains of memory problems.
McMorris et al. [93] noted that heat stress led to significant increases in cortisol and serotonin, and concomitant deficits in a central executive processing task. Oei et al. [94] showed that psychosocial stress in young healthy males caused performance impairments on the Sternberg working memory task, with high cortisol levels being associated with these selective deficits in memory and recall. Herbert et al. [78] reviewed many similar findings but also noted:
Defining corticosteroid-related damage to the brain is not always straightforward. It may seem evident that increased neuronal death, whether precipitated directly by corticosteroids or more indirectly by their potentiating other damaging events, is disadvantageous. Decreased cognitive abilities may sometimes be directly related to corresponding diminished volumes in relevant parts of the brain (e.g. the hippocampus). In other cases, the underlying neural processes responsible for corticosteroid-dependent changes in learning or mood are not yet known and have to be inferred. Furthermore, it is not always obvious whether some of these functional effects are adaptive (i.e. advantageous).
Nevertheless the literature is clear: across a wide range of data, excess corticosteroids can damage the brain or impede its function either directly, or by increasing its susceptibility to other, coincident damaging agents ' (my italics).
Cortisol is also associated with psychiatric distress, since HPA activity is important for psychobiological integrity. Strohle and Holsbeer [95] noted that early life stressors can have chronic effects on HPA axis activity, and this may make the individual more susceptible to clinical abreactions -when faced with psychosocial stressors. Nemeroff and Vale [96] similarly noted:
Stressful or traumatic events occurring in early life significantly increase the risk for depression and other psychiatric illnesses in adulthood. Neural circuits containing corticotropin-releasing factor (CRF) have been identified as an important mediator of the stress response. Early-life adversity … results in long-lasting changes in the CRF-mediated stress response and a greatly increased risk of depression in genetically predisposed persons.
Psychiatric distress has often been reported in studies of recreational ecstasy/MDMA users, and there has been extensive debate over the direction of causation [36, 40, 43, 46-48, 58, 59] . Clinical reactions to ecstasy/MDMA have also been debated using the diathesis stress model; this predicts that 'drug-abreactions will develop most readily in those with the most susceptible premorbid profiles' [53] . MacInnes et al. [36] debated their finding of heightened depression in some ecstasy users applying a vulnerability model, where prior predisposition made some individuals more susceptible to drug abreactions. Soar et al. [47] noted that prior predisposition factors and intensive ecstasy usage patterns could both influence the clinical outcome. Butler and Montgomery [97] suggested that impulsivity was a personality factor of those predisposed to taking illicit drugs, but that regular MDMA usage then intensified this characteristic, possibly via serotonergic neurotoxicity. Cortisol may be another mediating factor -given the association between cortisol and impulsivity [98] . MacInnes et al. [36] found that 'intensity of ecstasy usage over 12 hours' and 'life stressors' were each associated with significantly greater depression in recreational ecstasy users. This provides another link with cortisol and vulnerability to stressors. Pacifici et al. [42] noted that the recreational MDMA prospectively led to reduced immunocompetence; again cortisol may have had a contributory role through the HPA axis. Finally, Lovallo [99] has debated the role of cortisol and HPA axis activity for many other recreational drugs.
Cortisol and the Bioenergetic Stress Model of MDMA
Cortisol may provide a unifying factor for the bioenergetic stress model of MDMA. In particular, it may help explain how the drug and nondrug stimulant factors are functionally integrated [7, 10, 53, 71] . In essence, a series of integrative processes is hypothesized ( table 1 ) . Firstly, MDMA increases corticotropin-releasing factor (CRF) and by this cortisol release, and this helps increase the energetic resources available for dancing; hence the strong association between MDMA and dancing [4, 100] , with 94% of ecstasy users reporting that they dance when on MDMA [44] . Secondly, physical activity stimulates cortisol release. Davis et al. [101] investigated 'exercise to exhaustion' on a laboratory cycling machine. The cortisol levels rose significantly after exercise, with experienced athletes showing a 78% increase in cortisol and normal volunteers demonstrating a 138% increase in cortisol (note: the acute cortisol release may explain why physical activity and sports are inherently pleasurable). Thirdly, the combination of stimulant drug and physical activity leads to very high levels of HPA activation -with an 800% cortisol increase in MDMA dance clubbers and party goers ( table 1 ) . Fourthly, continued cortisol release may help maintain the rewarding effects of MDMA so that MDMA users typically dance for long periods and often repeat self-dosing over the whole night [102, 103] . Fifthly, environmental co-stimulatory factors may further enhance the acute drug response. Most sensory modalities are stimulated at dance clubs and parties ( table 1 ) , with high volumes of music, dynamic light shows [9, 71] and ambient temperatures increasing over the night [ 104 , see fig. 2 in 64 ]. MDMA can also increase the body temperature in humans, both in the laboratory [105, 106] and at parties/ clubs [85, 107] , with most recreational users feeling hot [64, 108] . Crowding together, touching and hugging, are commonplace and may be further contributory factors. In animals cortisol is associated with mate selection and pecking order, and in humans cortisol is related to 'marital satisfaction' [109] . Cortisol may contribute to the enhanced psychosocial and psychosexual feelings of dance clubbers [66, 110] .
The neurohormonal effects of cortisol are probably modulated via neurotransmission. Harris et al. [84] suggested that 'corticosteroids themselves may modulate response to drugs with potential for abuse through their effects on neurotransmitters, such as dopamine [111] and serotonin [review : 112 ] .' Harris et al. [84] noted how cortisol could intensify the rewarding properties of psychoactive drugs, given the positive correlation between cortisol and self-rated drug liking. They noted that their human findings were consistent with the animal literature, given the positive association between corticosterone and intracranial self-stimulation [113] . In laboratory animals, high ambient temperature can also boost MDMA-related Fos gene expression [114] . Hence there are many potential co-factors for these interactive effects. In chronic terms, recreational ecstasy/MDMA users often show a range of psychobiological deficits, in memory, cognition, sleep, sex and psychiatric symptoms, and general well-being [53] . Many of these same functions are modulated by cortisol in nondrug users [78] . Hence a core hypothesis is that the chronic psychobiological effects of MDMA are partially modulated through cortisol. The core prediction is that the chronic effects of regular MDMA will reflect the cumulative experience of many acute bioenergetic stress episodes ( table 2 ). All the drug and nondrug factors which contribute to acute cortisol release will add to the longer-term psychobiological problems.
Overview
Herbert et al. [78] noted that: 'corticosteroids are an essential component of the body's homeostatic system'. MDMA stimulates the release of cortisol in laboratory conditions [84] , while in dance clubs the increase is even 
MDMA in prolonged dancers
Continued dancing with further MDMA self-dosing will prolong the 'desired' clubbing experience. However this will be achieved at the expense of yet further acute metabolic stress. Potential dangers include metabolic overstimulation, physical exhaustion and overheating. Neural overactivity and/or neurotoxicity may be exacerbated. Psychobiological recovery problems will also be stronger.
Other environmental co-stimulants Potential factors include loud and prolonged music, dynamic light shows, closely packed crowds, psychosocial and sexual stimulation, and thermal stress. Some users may seek out hot thermal environments to maintain the acute drug experience.
Stimulant co-drugs
Other central nervous system stimulants such as amphetamine or cocaine may add to further cortisol release, and so heighten acute bioenergetic stress through synergistic neurohormonal-neurotransmitter activation. fig. 1 ). Hence recreational users experience profound changes in psychophysiological 'homeostatic status', generally at night when they would normally be asleep. MDMA is thus a powerful acute metabolic stressor, especially when taken under stimulating environmental conditions. Cortisol may be an integrative factor for this acute bioenergetic stress ( table 1 ) . In chronic terms, it may also contribute to the psychobiological effects of repeated ecstasy/MDMA. Herbert et al. [78] noted that the regular experience of reactive stress was cumulatively damaging to the organism, citing Selye's [74] classic studies. The bioenergetic stress model for recreational ecstasy similarly proposes that regular periods of reactive stress will be cumulatively damaging to the organism. In an earlier article I [53] suggested: When used at low intermittent doses, while resting quietly, in low temperature conditions, with sedative or hypothermic codrugs, MDMA will lead to low rates of neuropsychobiological problems. Whereas when used intensively and repeatedly, with other CNS stimulants as co-drugs, in hot thermal environments, with prolonged physical exercise, MDMA will lead to high rates of psychobiological problems. Dances and raves may help to boost the acute effects of ecstasy/MDMA. But this may also make them more problematic in the longer term.
These multiple influences may be linked through the common factor of metabolic activation and cortisol release ( table 1 ) . Hence the bioenergetic stress model can be simplified by proposing that any factors which increase cortisol release will heighten the effects of acute MDMA and so increase the cumulative damage of repeated ecstasy usage. This bioenergetic stress model generates many topics for future investigation. One prediction is that the strength of the acute psychobiological response to MDMA is related to the extent of the cortisol increase. These cortisol effects may also be modulated through factors such as age, gender, personality and psychiatric predisposition. All these predictions can be empirically tested. Other areas for study involve the relationship between cortisol and serotonin [112] , the roles of CRF and adrenocorticotropin, and other elements of HPA circuitry [74] [75] [76] [77] [78] . For instance, the endogenous opiod system has links with the HPA axis and may also be important for some of the psychobiological changes -for instance the more hedonistic aspects [103] . In neurocognitive terms, Sousa and Almeida [115] noted that the effects of corticosteroids as 'sculptors of the hippocampal formation' were reversible. If cortisol is involved in the memory and cognitive effects of recreational ecstasy, then these functions may partially recover once MDMA usage had ceased. This model is different to the classic neurotoxicity model, where enduring structural deficits are hypothesized. Herbert et al. [78] noted that although most changes in cortisol were detrimental, they were sometimes beneficial. In a similar way, while many ecstasy/MDMA users report psychobiological problems [23, 26] , benefits are also mentioned [116, 117] . In an Internet investigation of 200 ecstasy users, the self-reported gains included a more positive outlook on life and being more open-minded. These were however balanced by reports of negative changes -including greater anxiety and heightened depression [66] . The variation in these subjective responses may be related to differences in baseline cortisol or cortisol reactiv- ity. For instance, changes in cortisol may make some individuals less susceptible to stress, whereas in others they may become more susceptible to anxiety and depression. These changes may also be related to lifetime usage, since most novice users report few problems, while heavy users often complain of multiple problems [23, 50] . It may be that any cortisol changes are comparatively mild in novice users but stronger and more biologically disruptive in heavier users. Cortisol may particularly influence specific psychobiological functions. For instance, those involving high energy expenditure or where neurohormonal activity is particularly important. However since cortisol is crucial for basic homeostasis [74] [75] [76] [77] [78] , it is difficult to predict any psychobiological functions where it will not be involved.
Cortisol is just one of several potentially important neurohormones. Dumont and Verkes [81] noted that prolactin, luteinizing hormone, oestradiol, follicle-stimulating hormone, progesterone and growth hormone had each been investigated in human volunteers, mostly in single studies [42, 82, 84] . More recently testosterone has also been studied [ 64 : see fig. 1 ]. In laboratory animals, the 'social neuropeptide' oxytocin contributes to the reinforcing effects of MDMA [118] , and it may be important for humans. For instance, oxytocin administration improves recognition memory for human faces, although not for nonsocial stimuli [123] . Hence any chronic changes in oxytocin might be related to the amnesic aspects of MDMA or its effects on social intelligence [28] . Most hormone levels are acutely increased by MDMA ( fig. 1 ), but there are very few data on chronic changes. These neurohormonal modifications will also be linked through overlapping HPA pathways, so it will often be difficult to associate specific neurohormones with particular functions. The hypothalamic-pituitary-gonadal axis should also be important. Finally, the bioenergetic stress model can be applied to all the recreational dance drugs ( table 1 ). Cortisol may be an important modulatory factor for amphetamine, cocaine and methamphetamine -as well as MDMA.
